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Description 

The present invention relates to a process for preparing olefin polymers and copolymers having 
controlled morphology by bulk or slurry polymerization using homogeneous metallocene catalysts particu- 
larly useful for preparing fluff having a narrow grain size distribution, a smooth surface and a h.gh bulk 

^Traditionally, olefins have been polymerized or copolymerized in the presence of hydrocarbon-insoluble 
catalyst systems comprising a transition metal compound and an aluminium alkyl. More recently, atfive 
homogeneous non-supported catalyst systems comprising a bis(cyclopentadienyl) t.tan.um d.alky pr a b,s- 
(cyclopentadienyl) zirconium dialkyl. an aluminium trialkyl and water have been found to be useful for the 

^ l ^uTope7n n p°atent y n e - n 35.242 discloses a process for preparing ethylene polymers and atactic propylene 
polymers in the presence of a halogen-free Ziegler catalyst system comprising (1) a cyclopentad.enyj 
compound of the formula (cyclopentadienyl) n MeY<- n in which n is an integer from 1 to 4. Me .s a transition 
metal, especially zirconium, and Y is either hydrogen, a C-Cs alkyl or metal.o alkyl group » or a radca 
uLg the general formula CH2AIR2, CH 2 CH 2 AIR 2 or CH 2 CH(AlrW in which R represents a CVC* alkyl or 
meta.to a.ky. group, and (2) an alumoxane. Additional teachings of *™?^21Tmm 
comprising a metallocene and alumoxane are European Patent n- 69.951 and U.S. Patent 4.404^4* 

European Patent n- 0314797 discloses a process for polymerizing or copolymenz.ng an olef.n .n the 
presence of an olefin polymerization catalyst prepared from : (A), a compound of a transHion metal 
belonging to the group IVB of the periodic table. (B) aluminoxane; and (C) an organoalum.num compound. 
The catalyst has an extremely large polymerization activity, and enables production of an olef.n polymer or 
copolymer having a narrow composition distribution, a large bulk density and uniform part.cle s.zes and 

"^"IdJarta? of Ihfmetallocene-alumoxane homogeneous catalyst system is the good activity 
obtained for olefin polymerization. However, metallocene-catalyst system generally suffer from the d.s- 
advantaoe of producing polyolefin fluff having a low bulk density. 

It would thus be highly desirable to provide a process for increasing the bulk dens.ty of po.yolef.ns 
prepared by bulk or slurry polymerization using homogeneous metallocene catalysts. Further, the use of 
decantation legs in some loop reactors also requires the preparation of fluff hav.ng controlled morphology, 
including smooth surface, narrow grain size distribution and apparent high bulk dens.ty. 

It is an object of 'the present invention to provide a process for prepar.ng polyolefin fluff hav.ng a narrow 

Another' obS°p1 the invention is to provide a process for preparing polyolefin fluff particles having a 

35 ^Vanttner object of the invention is to provide a process for preparing polyolefin fluff by metallocene 
catalysis whereby said fluff would have a higher bulk density. 

In accordance with the present invention, there is provided a process compns.ng the steps o = 

(i) providing a homogeneous non supported system comprising a metallocene transition metal catalyst of 
«, general formula (Cp) m R„MQ k wherein each Cp is a cyclopentadieny. or a cyclopentad.enyl subst. uted by 

one or more hydrocarbyl radical such as alkyl. alkenyl. aryl. arylalkyl or alkylaryl rad.cal having from 1 to 
20 carbon atoms. R is a structural bridge between two Cp rings. M is a transition metal selected from 
groups 4 or 5. Q is a hydride or a hydrocarbyl group having from 1 to 20 carbon atoms or an alkenyl 
group having from 2 to 20 carbon atoms or a halogen. m = 1-3 with the proviso that ,f m = or 2 eac , Cp 
« may be the same or different, n = 0 or 1 with the proviso that n = 0 if m = 1 . and k .s such that the sum of 
m + k is equal to the oxidation state of M with the proviso that if k is greater than 1 each Q may be the 
same or different, and an alumoxane cocatalyst; and 

(ii) carrying out a prepolymerization step by contacting said homogeneous system w.th at least one olef.n 
for a period of from 1 .5 to 3.5 minutes and at a temperature of from -10 to + 35 • C; 

(iii) introducing said prepolymerized system either into at least one olef.n m the l.qu.d stete for bulk 
polymerization or into an inert liquid hydrocarbon containing at least one olefin for slurry polymerization, 
the polymerization being carried out at a temperature of from 55 • C to 70 • C; and 

(iv) recovering polyolefin fluff. 

The process of the invention may be used in connection with the bulk or slurry polymerization of any 
55 olefin or mixture thereof. It is more particularly suitable for the bulk or slurry polymerization of propylene, 
whether alone or with another olefin copolymer. .. 

One of the surprising aspects of the invention is that using specf.c sets of values for tr» operating 
conditions in the prepolymerization and polymerization steps allows to increase the bulk density of the fluff. 
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The process of the invention may be used in connection with a wide range of metal locene catalysts. A 
general formula for describing metallocene catalysts is (Cp) m R n MQ k> wherein : 

- Cp represents a cyclopentadienyl or a cyclopentadienyl substituted by one or more substituents 
which may be the same or different and which may be attached to a single carbon atom in the 

5 cyclopentadiene ring or to two carbon atoms in said ring; as substituents, there may be cited alkyi, 

alkenyl, aryl, arylalkyl or alkylaryl radicals having from 1 to 20 carbon atoms, like methyl, ethyl, 
propyl, isopropyl, butyl, butenyl, isobutyl, amyl. and phenyl; preferred substituents are cyclopen- 
tadienyl and fluorenyl; 

.- m is equal to 1, 2 or 3, preferably 2, with the proviso that if m = 2 or 3 each Cp may be the same or 
70 different; 

- n is equal to 0 or 1 , preferably 1 , with the proviso that n = 0 if m = 1 ; 

- R is a structural brigde between two Cp rings, preferably selected from the group consisting of 
dialkylsilicon groups having Ci-C* alkyi substituents which may be the same or different and of 
alkadiyl radicals having 1 to 4 carbon atoms, most, preferably 2,2-propanediyl; 

75 - M is a transition metal selected from groups 4 and 5 (formerly .groups IVb and Vb), preferably from 
the group consisting Ti, Zr and Hf; 

- Q is a hydride or a hydrocarbyl group having from 1 to 20 carbon atoms or an alkenyl group having 
from 2 to 20 carbon atoms or a halogen, preferably a halogen; 

- k is such that the sum of m + k is equal to the oxidation state of M, with the proviso that if k is 
20 greater than 1 each Q may be the same or different. 

The prepolymerization step must be carried out at a temperature sufficiently low so that polymerization 
does not proceed. That temperature is easily determined by one skilled in the art; it depends on the activity 
of the catalyst associated with the nature of the olefin monomers present. According to the invention, the 
prepolymerization temperature should be comprised between -10 *C and + 35*C, most preferably between 
25 +10'C and + 25'C. The prepolymerization time should be of from 1.5 to 3.5 minutes, preferably from 2 to 
3 minutes. 

The polymerization may be carried out in either bulk polymerization or slurry polymerization, in both 
cases at a temperature of from 55 • C to 70 • C, preferably at about 60 • C. 

According to an embodiment of the invention, polymer deposits on walls may be prevented by addition 
30 of an appropriate anti-fouling agent while retaining the narrow grain size distribution. 

According to an embodiment of the invention, the prepolymerization step is carried out in the presence 
of an appropriate anti-fouling agent. 

The invention will now be described further by means of several examples which are not to be taken as 
limiting it. 

35 

Examples 1 to 4 

The catalyst, isopropenyl fluorenyl cyclopentadienyl zirconium dichloride, was prepared according to 
method B disclosed in EP-A-0351392 and purified. It was dissolved in 5 ml of a 10 wt% solution of 

40 methylalumoxane in toluene, giving a bright violet solution. In the meantime, a small jacketed pressure 
vessel of 250 ml equipped with an inclined blade stirrer was interconnected with a 4.5 litre stainless steel 
bench autoclave. The whole system was properly purged with dry pure nitrogen. The 4.5 litre autoclave was 
filled with 1.5 litre of liquid propylene thermostated at 60 *C while agitating. The 250 ml autoclave was filled 
with 100 ml liquid propylene and thermostated at 10 or 20 'C while agitating. The precontacted catalyst 

45 solution was injected through a septum in a valve void on top of the 250 ml vessel and flushed into the 250 
ml vessel with 100 ml of liquid propylene. After prepolymerization, the interconnecting valve between the 
two reactors was opened and the content of the 250 ml reactor was flushed into the 4.5 litre autoclave with 
1.3 litre of liquid propylene. The whole was left polymerizing for 1 hour keeping the temperature constant at 
60 *C, after what reaction was stopped by venting off unreacted monomer and the reactor was opened to 

so air. The fluff was dried under reduced pressure at 50'C overnight. A nice free flowing powder of spherical 
particles was obtained; the bulk density was measured according to ASTM-D-1898 and the melt flow index 
(MFI) according to ASTM-D-1 238 (2.1 6 kg/1 90 ' C). 

The experimental results for examples 1 to 4 are summarized in Table 1. They clearly show that a 
residence time of about 3 minutes allows to obtain a polymer having the maximum bulk density and narrow 

55 grain size distribution. 

The distribution of particle size of the fluff was determined by sieving; it is indicated in Table 2. 
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Comparative example 

The procedure of the examples was followed throughout except for the polymerization temperature 
which was of 50 *C. The experimental results are indicated in Table 1. and the distribution of the particle 
5 size of the fluff in Table 2. 

TABLE 1 



EX. n " 


CATALYST (mg) 


PREPOLYMERIZATION 


YIELD (gr/grj 


MFI (gr/10') 


BULK D. (gr/cm 3 ) 


(min) 


(-C) 


1 


1.89 


3.0 


20 


122222 


3.9 


0.35 


2 


2.0 


2.0 


20 


130000 


4.12 


0.27 


3 


1.83 


3.0 


10 


97500 . 


4.8 


0.34 


4 


2.0 


2.0 


10 


142500 


4.5 


0.34 


C 


2.0 


3.0 


20 


76800 


2.46 


0.08 



TABLE 2 



30 



Particle size distribution (wt%) 




Sieve (mm) 


2.0 


1.6 


1.0 


0.5 


0.25 


0.125 


bottom 


Ex. n • 1 


4.0 


0.5 


7.4 


87.5 


0.5 


0.1 


0.0 


2 


19.1 


6.0 


46.3 


25.9 


1.7 


0.8 


0.2 


3 


1.2 


0.1 


5.1 


93.2 


0.4 


0.0 


0.0 


4 


8.5 


4.1 


54.6 


31 .9 


0.5 


0.4 


0.0 


C 


75.5 


4.4 


6.3 


5.3 


5.4 


2.3 


0.8 



Claims 

1. Process for the preparation of olefin polymers and copolymers having controlled morphology by bulk or 
slurry polymerization, comprising the steps of : 

(i) providing a homogeneous non-supported system comprising a metallocene transition metal 
catalyst of general formula (Cp) m R„MQ k wherein each Cp is a cyclopentadienyl or a cyclopen- 
tadienyl substituted by one or more hydrocarbyl radical such as alkyl, alkenyl, aryl. arylalkyl or 
alkylaryl radical having from 1 to 20 carbon atoms. R is a structural bridge between two Cp rings, M 
is a transition metal selected from groups 4 or 5, Q is a hydride or a hydrocarbyl group having from 
1 to 20 carbon atoms or an alkenyl group having from 2 to 20 carbon atoms or a halogen, m = 1-3 
with the proviso that if m = 2 or 3 each Cp may be the same or different, n = 0 or 1 with the proviso 
that n = 0 if m = 1, and k is such that the sum of m + k is equal to the oxidation state of M with the 
proviso that if k is greater than 1 each Q may be the same or different, and an alumoxane 
cocatalyst; and 

(ii) carrying out a prepolymerisation step by contacting said homogeneous system with at least one 
olefin for a period of from 1.5 to 3.5 minutes and at a temperature of from -10 to +35*C; 

(iii) introducing said prepolymerized system either into at least one olefin in the liquid state for bulk 
polymerization or into an inert liquid hydrocarbon containing at least one olefin for slurry polymeriza- 
tion, the polymerization being carried out at a temperature of from 55 # C to 70 • C; and 

(iv) recovering poiyolefin fluff. 

2. Process according to claim 1, wherein M is selected from the group consisting of Ti. Zr and Hf. 

3. Process according to claim 1. wherein m = 2, n = 1, the first Cp is cyclopentadienyl, the second Cp is 
fluorenyl, and R is a 2,2-propanediyl bridge linking the two Cp rings. 
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4. Process according to claim 1, wherein Q is chlorine. 

5. Process according to claim 1 , wherein the olefin is propylene. 

5 6. Process according to claim 1 , wherein the prepolymerization step' is carried out for a period of from 2 



to 3 minutes. 



7. Process according to claim 1, wherein the prepolymerization step is carried out at a temperature of 
from +10*Cto +25*C. 

70 a Process according to claim 1 , wherein the polymerization step is carried out at a temperature of about 
60-C. 

9. Process according to claim 1, wherein the prepolymerization step is carried out in the presence of an 
75 appropriate anti-fouling agent. _ 

PatentansprUche 

1. Verfahren zur Herstellung von Olefinpolymeren und -copolymeren mit kontrollierter Morphologie durch ■ 
Substanz- Oder Aufschlammungspolymerisation, das die folgenden Schntte umfaBt: 

(i) Bereitstellen eines homogenen Systems ohne Trager, das einen Metallocenubergangsmetallkata- 
lysator der allgemeinen Formel <Cp) m R n MQ k , wobei jedes Cp eine Cyclopentadienylgruppe Oder 
eine mit einem Oder mehreren Kohlenwasserstoffresten, wie Alkyh Alkenyl-, Aryh Arylalky^ Oder 
Alkylarylresten mit 1 bis 20 Kohlenstoffatomen substituierte Cyclopentadienylgruppe ist, R eine 
strukturelle Brucke zwischen zwei Cp Ringen ist, M ein aus den Gruppen 4 Oder ^5 ausgewahltes 
Ubergangsmetall ist, Q ein Hydrid Oder eine Kohlenwasserstoffgruppe mit 1 bis 20 Kohlenstoffato- 
men Oder eine Alkenylgruppe mit 2 bis 20 Kohlenstoffatomen oder ein Halogenatom ist. m- 1-3 ist, 
mit der MaBgabe, daB. wenn m = 2 oder 3 ist, jedes Cp gleich oder verschieden sein kann, n = 0 oder 
1 ist mit der MaBgabe. daB n = 0 ist, wenn m = 1 ist, und k einen Wert aufweist, daS die Summe von 
m + k gleich dem Oxidationszustand von M ist. mit der MaBgabe, daB. wenn k groBer als 1 ist. jedes 

. Q gleich Oder verschieden sein kann, und einen Alumoxancokatalysator umfaBt; und 

(ii) Durchfuhren eines Vorpolymerisationsschrittes, wobei das homogene System wahrend e.ner 
Zeitdauer von 1,5 bis 3,5 Minuten und bei einer Temperatur von -10 bis +35-C mit m.ndestens 
einem Olefin in Kontakt gebracht wird; ■ . 

(iii) Einfuhren des vorpolymerisierten Systems entweder in mindestens em Olefin im flussigen 
Zustand zur Substanzpolymerisation oder in einen inerten. flussigen mindestens ein Olefm enthalten- 
den Kohlenwasserstoff zur Aufschlammungspolymerisation, wobei die Polymerisation be. e.ner 
Temperatur von 55 • C bis 70 * C durchgefuhrt wird; und 

(iv) Gewinnen der Polyolefinflocken. 
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Verfahren nach Anspruch 1. wobei M aus der Gruppe ausgewahlt ist. die aus Ti, Zr und Hf besteht. 

3. Verfahren nach Anspruch 1 , wobei m = 2, n = 1 . das erste Cp eine Cyclopentadienylgruppe das zweite 
Cp eine Fluorenylgruppe und R eine 2,2-Propandiylbrucke ist, die die beiden Cp R.nge verb.ndet. 

45 

4. Verfahren nach Anspruch 1 , wobei Q ein Chloratom ist. 

5. Verfahren nach Anspruch 1 , wobei das Olefin Propyten ist. 

so 6. Verfahren nach Anspruch 1, wobei der Vorpolymerisationsschritt wahrend eines Zeitraums von 2 bis 3 
Minuten durchgefuhrt wird. 

7. Verfahren nach Anspruch 1, wobei der Vorpolymerisationsschritt bei einer Temperatur von +10-C bis 
+ 25 * C durchgefuhrt wird. 

a Verfahren nach Anspruch 1. wobei der Polymerisationsschritt bei einer Temperatur von etwa 60-C 
durchgefuhrt wird. 



55 



5 



EP 0 426 646 B1 



9. Verfahren nach Anspruch 1, wobei der Vorpolymerisationsschritt in Gegenwart eines geeigneten 
Abscheidungsverhinderungsmittels durchgefuhrt wird. 

Revendications 

1. Procede de preparation de polymeres et de copolymers d'olefines ayant une morphologie contrdlSe 
par polymerisation en masse ou en suspension, comprenant les etapes de : 

(i) fournir un systeme non-supporte homogene comprenant un catalyseur metallocene de m&al de 
transition de formule generate (Cp) m R n MQk dans laquelte chaque Cp est un cyclopentadi^nyl ou un 
cyclopentadienyl substitue par un ou plusieurs radicaux hydrocarbones tels qu'un radical alkyle, 
alkenyle, aryle, arylalkyle or alkylaryle ayant de 1 a 20 atomes de carbone, R est un pont structurel 

/ entre deux anneaux Cp, M est un metal de transition choisi parmi les groupes 4 ou 5, Q est un 
hydride ou un groupement hydrocarbbne ayant de 1 a 20 atomes de carbone ou un groupement 
alkenyl ayant de 2 a 20 atomes de carbone ou un halogene, m = 1-3 avec la condition que si m-2 
ou 3 chaque Cp peut etre le meme ou different, n = 0 ou 1 avec la condition que n = 0 si m = 1, et k 
est tel que la somme m + k est egale a I'etat d'oxydation de M avec la condition que si k est plus 
grand que 1 chaque Q peut etre le m§me ou different, et un cocatalyseur alumoxane; et 

(ii) prepolymeriser ce systeme homogene en presence d'au moins une olefine pendant une periode 
de 1 ,5 a 3,5 minutes et a une temperature de -10 a + 35 • C; 

(iii) introduire ce systeme prepolymSrise soit dans au moins une olefine a I'etat liquide pour la 
polymerisation en masse ou dans hydrocarbure liquide inerte contenant au moins une olefine pour la 
polymerisation en suspension, la polymerisation etant effectuee a une temperature de 55 *C a 
70'C;et 

(iv) recuperer une poudre de pblyolefine. 

2. ProcedS selon la revendication 1 , dans lequel M est choisi parmi le groupe comprenant Ti, Zr et Hf. 

3. Procede selon la revendication 1, dans lequel m = 2, n = 1, le premier Cp est un cyclopentadienyl, le 
second Cp est un fluorenyl, et R est un pont 2,2-propanediyl liant les deux anneaux Cp. 

4. Procede selon la revendication 1 , dans lequel Q est le chlore. 

5. Procede selon la revendication 1, dans lequel I'olefine est le propylene. 

6. Procede selon la revendication 1, dans lequel I'etape de prepolymerisation est effectuee pendant une 
periode de 2 a 3 minutes. 

7. Procede selon la revendication 1, dans lequel I'etape de prepolymerisation est effectuee a une 
temperature de +10- C a +25' C. 

a Procede selon la revendication 1 . dans lequel I'etape de polymerisation est effectuee a une temperatu- 
re d'environ 60 • C. 

9. Procede selon la revendication 1, dans lequel I'etape de prepolymerisation est effectuee en presence 
d'un agent anti-salissure approprie. 
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